Results: Median follow-up for survival patients was 17 months. Out of 7 patients, 6 patients had CR and 1 patient had PR. The response rate was 100%. The 2-year local control rate was 85.7%. Of these patients, 5 are alive without disease and 1 is alive with lung metastasis.
INTRODUCTION
Although the standard radical treatment for cervical cancer is a combination of external radiotherapy (ERT) and intracavitary brachytherapy (ICBT), we sometimes need to treat with ERT alone in cases where ICBT is not feasible for several reasons. When 2D treatment planning with X-ray simulator was mainstream, for definitive treatment with ERT alone, anterior-posterior parallel opposing fields or 4 box fields were mostly used.
However, using this irradiation technique brought with it the problem that most portions of the rectum and bladder were irradiated with an equal dose of the target volume. Therefore, we could not irradiate the target with a high dose with ERT alone and were unable to get treatment results that matched results from a combination of ERT and ICBT.
Recently, 3D-conformal radiotherapy (3DCRT) was enabled with progress and spread of radiotherapy treatment planning device. By using 3DCRT, it may be possible to improve treatment outcomes with dose reduction of normal surrounding tissue and increase of target dose. However, it has been reported that prolongation of overall treatment time in patients with cervical cancer deteriorates local control and that K. Matsuura, et al 4 shortening of overall treatment time can improve local control. By using accelerated hyperfractionation (AHF), it may be possible to improve treatment outcomes by shortening overall treatment time. In this report, early clinical results of 3DCRT alone using AHF in patients with cervical cancer were evaluated.
METHODS AND MATERIALS
Between March 2002 and January 2005, 7 patients with cervical cancer were treated with 3DCRT alone using AHF. The median age was 81 years, ranging from 73 to 99 years. Before starting of treatment, we explained to all 7 patients that standard definitive radiotherapy method for cervical cancer was a combination of ERT and ICBT, but all of them refused to receive ICBT. Therefore they chose to receive treatment by ERT alone. fractions was delivered by LI only using AHF due to high age, twice a day with a 6 hour interval. Median overall treatment time was 42 days (range, 28-46). A four-field technique was used to irradiate the whole pelvis sparing the small bowel. For LI, multiple fields or dynamic conformal arc fields were used to reduce the total dose to the surrounding tissue, especially the rectum and bladder.
The CTV (clinical target volume) of WPI included the entire uterus, at least the K. Matsuura, et al 6
upper one third of the vagina, the parametrial tissue, and regional nodes (common and external iliac, hypogastric, obturator, and presacral nodes). The CTV of WPI was expanded uniformly by 1 cm in all directions to produce planning target volume (PTV).
The CTV of LI included cervical tumor and parametrium invasion area. The PTV of LI was defined on each CT slice by drawing 0.5-1.0 cm margin around the CTV extending from 1.0 cm cephalad to the upper end of the CTV to caudal to the lower end of the CTV.
Follow-up
Follow-up examinations with physical examinations, cytology and CT scans were performed in all patients. The first examination took place 4-6 weeks after treatment.
Subsequently, the patients were seen every 1-2 months.
Statistics
Statistical evaluation of local control rate and survival was performed using
Kaplan-Meier methods, with the day of treatment as the starting point.
RESULTS
Clinical outcomes are shown in table 2.
Clinical response
Of the 7 patients, complete response (CR) of the tumor was achieved in 6 patients (85.7%), and 1 patient had partial response (PR) (14.3%). Therefore, the response rate (CR+PR) was 100%.
Local control and survival
Median follow-up for survivors was 17 months (range, 15-37). Of 6 CR patients, all patients were locally controlled during the follow-up period and the 2-year local control rate was 85.7%.
Five patients with CR are alive without disease. In 1 patient with CR, lung metastasis was diagnosed at 18 months after radiotherapy. She is alive with disease. In 1 patient with PR, pelvic abscess was noted after 2 months and she died of severe infection caused by abscess at 6 months. The 2-year actuarial overall survival was 85.7%.
Adverse effects
All patients tolerated treatment very well, no severe adverse effects (CTCAE 3.0
Grade 3 or larger) were encountered. However, acute toxicity of grade 1 diarrhea was seen in 4 patients and acute toxicity of grade 1 and grade 2 urinary frequency were seen in 4 patients and in 1 patient respectively. Late toxicity of grade 2 rectal hemorrhage was seen in 2 patients.
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DISCUSSION
A combination of ERT and ICBT is established as the standard radical treatment for cervical cancer, and particularly the role of ICBT is important and it is proved that the use of ICBT was highly significantly associated with decreased local failure [1] [2] [3] .
However, in an actual clinical setting one sometimes may need to treat with ERT alone in cases where ICBT is not feasible for reasons of refusal, stump cancer, narrow vagina, or for any other reason. Today, some reports of treatment results with ERT alone for cervical cancer have been published [4] [5] [6] , but the results were not satisfying. In cases of ERT alone, it is necessary to irradiate more than 70 Gy to get satisfactory local control [4] . However, late complications involving the rectum and bladder rapidly increase with irradiation of more than 60 Gy [7] , and we cannot irradiate with a dose of more than 70
Gy safely. Therefore, it was thought that local control rate of ERT alone without ICBT for cervical cancer was low.
Progress in radiotherapy technology has been remarkable and we are now able to perform highly precise ERT using the 3D treatment planning systems. With 3D treatment planning, we can set the multiple adequate fields which agrees with the target volume shape, avoiding the surrounding normal tissue as far as possible. Therefore, with
3DCRT we can obtain a dose distribution which resembles that of ICBT and we are K. Matsuura, et al 9 expecting improvements in local control by concentration of dose to the target with reduction in the normal surrounding tissue dose. For cancer of the prostate which is located in the same position as the uterine cervix in the pelvis anatomically, 3DCRT has already been used for treatment and dosage of more than 70 Gy has been tried sparing the rectum and bladder with comparable treatment results of 3DCRT for prostate cancer with minimal complications having been reported [8] [9] [10] . These results suggest that it may be possible to obtain good results with 3DCRT alone for cervical cancer.
Nowadays, intensity modulated radiotherapy (IMRT), whose conformality is better than 3DCRT, is clinically used, and it has been reported that it is able to further reduce surrounding normal tissue dose and to concentrate target dose by IMRT in comparison with 3DCRT [11, 12] . Some reports of IMRT for cervical cancer have been published, but there are no reports of definitive IMRT without ICBT. Now, IMRT for cervical cancer is mostly used for only WPI followed by ICBT [13] [14] [15] , but we think that IMRT could be used for not only WPI but also LI instead of ICBT in case of ERT alone. In definitive treatment with ERT alone for cervical cancer, if IMRT is used for LI, it seems that we can obtain better local control with minimal rectal complication in comparison with 3DCRT.
It has been reported that prolongation of overall treatment time in patients with K. Matsuura, et al 10 cervical cancer deteriorates local control and survival [16] [17] [18] [19] [20] . This effect may be related to the accelerated repopulation of tumor cells during a course of fractionated radiotherapy [21, 22] , and it has been reported that shortening of overall treatment time can improve local control. Additionally, Nishimura et al. reported that radiotherapy must be delivered in the range of 66 Gy to 70 Gy in 6 weeks to obtain optimal local control with minimum adverse effects [20] . In Japan, patients with cervical cancer treated by a combination of ERT and ICBT are generally irradiated in about 6.5-7 weeks [23] . In cases of ERT alone, if conventional fractionation (1.8-2.0 Gy/f) is used for irradiation, 7-8 weeks is needed to irradiate 70 Gy and it is thought that local control of ERT alone will be poorer than that of ERT and ICBT. We have therefore postulated using AHF to shorten overall treatment time. The rationale for AHF is that overall treatment time is shortened thereby decreasing the accelerated repopulation and AHF may result in better local control. Today, some reports of radiotherapy results with AHF for cervical cancer have been published [24, 25] . Kavanagh et al treated cervical cancer with concomitant boost accelerated superfractionated (CBASF) radiotherapy followed by ICBT and they concluded that CBASF radiotherapy produced a trend toward improved local control when compared with conventional fractionated radiotherapy [25] . However, late adverse effects are associated with AHF. Therefore, when we treat cervical cancer by K. Matsuura, et al 11
ERT alone with AHF, using 3DCRT may offer the best outcome in terms of local control with acceptable adverse effects.
Early clinical outcomes of patients with cervical cancer treated with 3DCRT using AHF were good. In conclusion, although more patients with longer follow-up periods are needed to evaluate the usefulness and safety of this radiotherapy method, our outcome suggests that 3DCRT alone using AHF is promising as a definitive treatment for cervical cancer, if ICBT is unable to be performed due to patient's refusal, stump cancer, narrow vagina, or any other reason. 
